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[57] ABSTRACT 

In a drive circuit for a display apparatus into which a digital 
video signal is input and in which a plurality of parallel 
signal eledxodes arc provided, one of signal voltages having 
difiiBrent levels is ou^ut in accordanoe with the digital video 
signal, or two adjacent ones of said signal voltages are 
simultaneously on^t Alternatively, one of the signal volt- 
ages is supplied to a signal electrode in one portion of one 
ou^ut period) and another one of the signal voltages is 
supplied to the signal electrode in another portion of the 
output period. Hie length ratio of the two pactions of one 
output period is appropriately determined acconUng to a 
digital video signal, whereby an arbitrary voltage corre- 
sponding to the video signal data can be applied to the pixel. 
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DRIVE cmcurr for a display 

APPARATUS 

This is a divisional of appUcadon Set; No. 07/768»0Sl 
filed on Sep, 27, 1991, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Hdd of die Invention 

This invention idates to a diive dicuit for a display 
^paratus, add more paiticulady to a drive dicuIt for a 
display apparatus which Is c^ble of gray-scale display by 
an amplitude modulation drive. In this specification, a 
matrix type liquid crystal display ^aratus will be described 
as a ^^cal exanqde of a display ^arams, but tills inven- 
tion can also be :^lied to drive drcuits for other types of 
display apparatus such as dectcoluminescent (EL) display 
apparatus and plasma display q>paratas. 

2. Description of the Wor Art 

When driving a liquid crystal display (LCD) qjparatus, 
since the speed of response of a liquid crystal is very slow 
as compaied with a luminescent material used in a cathode 
ray tube (CRT) display apparatus, a special drive circuit is 
used. That is, in a drive circuit for an LCD apparatus, video 
signals which are sequentially sent are not immediatdy 
supplied to respective pixels, but the video signals are 
san^led for each of the respective pixds in one horizontal 
period and hdd for the horizontal period. The held video 
signals are ou^ot at the same time at the beginning of the 
next horizontal period, or at an ^propriate point of time in 
the next horizontal period. After file output of video signal 
voltages to the respective pixds are begun, file signal 
voltages are held for a period of time suffidenfiy over the 
speed of response of the liquid crystal. 

In <xda to hold the signal vdtages, a prior art drive circuit 
utilizes c^adtors. FIG. 32 shows a signal voltage output 
circuit (a source driver) for supplying drive voltages to a 
plurality of pixels (in this case, 120 pixels) on one scaiming 
line sdected by a scanning signal A portion for fiie nth pixd 
of the source driver is shown in FIG. 33. The portion 
indudes an analog switch SW^, an sanq)ling c^adtor Csur, 
an analog switch S W2, a holding capadtor Cjcf, and an output 
buffer ai[q>lificr A. The operation of the signal voltage output 
in the prior art will be described with reference to the signal 
timing chart of FIG. 34. Analog video signals v, to be input 
to file analog switches SW^ are sequ^itially sampled in 
accordance with san^ling dock signals T^pi'-TsMPi2a 
which correspond to the respective 120 pixels on one 
scanning line selected by eadi horizontal synchronizing 
signal H^. By this samiding, the sequential instantaneous 
voltages ysMpr^sniPix ^ ^® video signals v, are applied 
to the corresponding sampling capadtors Csmp* The nfii 
sampHng capadtcH- C^^^ is diarged up to the value of fiie 
video signal voltage VsMPn corresponding to the nth pixel, 
and holds this value. The signal voltages ys»iPi~^sMPix 
which are sequenti^y saix^iied and hdd in one horizontal 
period are transferred from the sampling c^dtors C^a^ to 
the holding c^adtors Cj^ f Of holding ou^ts, in response to 
an output pulse 0£ whidi is siqyplied to all of the analog 
switches SW, at the same time. Then the signal vdtages 
^sMPi-^sMPiM ^ output to source lines Oi-Oiao con- 
nected to the respective pixds through the bufTer an^»Mers 
A. 

To the drive circuit described above, analc^ video signab 
are supplied. When video signals are supplied in the form of 
digital data, a drive drcuit shown in HG. 35 is used. For fiie 
sake of simplidty, the video signal data is composed of 2 bits 
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(Do, Dx).That is, video dgnal data have four values 0-3, and 
a signal vdtage dpp^cd to each pixel is any one of four 
levds V<j-V3. HG. 36 shows a portion for the nth source line 
0„ in the drcuit The portion of the drcuit comprises a 

5 D-^e fl^flop (sanq)ling memory) Msmp ^ ^ 

and a fiip-fiop (hdding memory) Mj^ at a second stage 
which are provided for die respective bits (D^ Dj) of the 
video signal data, a decoder DEC, and analog switches 
ASWf^-ASWj each of \^ch is provided between coire- 

10 spon^g one of four external voltage sources Vo-Vg and a 
source line 0„. 

The digital source driver opiates as follows. The video 
signal data (D^ Di) are sampled at the rising of a sampling 
pulse Tsiip„ cocresxx)nding to the nth pixd, by tb& sampling 

t^ memory M^^p- At the time when the sampling for one 
horizontal period is completed, an output pulse OB is fed to 
the holding memories Mj^ All fiie video signal data (D^ D^) 
held in the holding memories Mj^ are simultaneously output 
to the respective decoders DEC Each of the decoders DEC 

20 decodes fiie TMt video signal data (D^, Di). In accordance 
with file values (0 to 3), one of the analog switches 
ASW<^AS is conductive, and the corresponding one of 
the four extranal voltages V0-V3 is output to the source line 

^ In the exan^le shown in HG. 36, since file video signal 
data is 2 bits, 4 (=5^) levels of external voltages (Vq-Vj) to 
be supplied to the source line 0„ are required. When a 4-bit 
video signal data is supplied, a signal voUage output circuit 
has a configuration shown in FIG. 37 in which 2^=16 levels 

^ of external voltages (Vq-Vs) are required. That is, in a drive 
circuit for a digital video signal constructed in sudi a 
manner, it is necessary to provide 2" levels of external 
voltages, for h-bit video signal data. 

As described above, when the number of levds of fiie 
voltages to be externally supplied increases, the following 
problems (1) and (2) arise. 

(1) Wifii the increase in numt>er of levds of voltages to be 
supplied, file size of a voltage sullying circuit is enlarged 

^ Therefore, fiie production cost is increased. 

(2) Since the number of input terminals of an LSI con- 
stituting the drive circuit including the above signal voltage 
ou^ut circuit increases. Such an LSI is difficult to mount 

SUMMARY OF THE INVENTION 

45 

The drive drcuit of this invention, which overcomes the 
above-discussed and numerous other disadvantages and 
defidendes of fiie prior art, conqsises: voltage supplying 
means for supplying a plurality of signal-voUages, the levels 

50 of said signal voltages being different from eadi ofiier; and 
voltage sdecting means, connected to said voltage supply- 
ing means, for recdving said digital video signal, and for, in 
accordance with said digital video signal, sdecdvdy out- 
putting one of said signal voltages or simultaneously out- 

55 putting two adjacent ones of said signal voltages. 

In another aspect of the invention, the drive drcuit for a 
display apparatus comprises: voltage supplying means for 
supplying a plurality of signal voltages, the levels of said 
signal voltages bdng different from each other; and voltage 

60 selecting means, connected to said voltage supplying means^ 
for receiving said digital video signal, and for, in accordance 
with said digital video signal, sdectively outpotting one of 
said signal voltages in one portion of a signal output period 
and anofiier of said signal voltages in another portion of said 

6s signal ou^ut period. 

The voltage selecting means supplies a first voltage to a 
signal electrode in a first period of one ou^ut period, and 
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supplies z second voltage in the residual period. Due to die penods of the pulse signal generated by fiie time control 

dectnc capacitance of pixel connected to the signal means is appropriately detennined according to a portion of 

electrode, by appropiiatdy determinitig the time periods in video signal data^ whereby an aibitraxy voltage ccxrespond- 

which the first and second voltoges are supplied, ing to the video signal data can be applied Co the pixeL 

^llt^^fSS^c^^f^tXJ^l ' ,ln*c above drive <icute of the iove^^^^^^^ 

wftages ouuuit. vuiwgc w. lac ui^v aaa bcwua jckcting means may be provided for each of said signal 

Id a further aspect of the invention, the drive circuit for a electrodes. . ^ ^ 

display apparatus comprises: voltage supplying means fa ^ circuits of the invention, said voltage 

supplying a plurality of signal voltages, the levels of said ,q sheeting means may conqaise: a plurality of switdi means, 
signal voltages bdng different from each other; time contnil *e number of said switch means being equal to the number 
means for receiving one portion of said digital video signal, voltages; and selection means for producing 

and for producing a time division signal indicative of two ct selection signals, said selection signals respective^ control- 
more divided periods of one signal output period; and said switch means. 

voltage selecting means, connected to said voltage supply- ^ ^ Thus, the invention described herein makes possible the 
iag means and said time control means, for receiving said objectives of: 

digital video signal, for, in accordance with said time (1) providing a drive circuit which can drive a display 
division signal, ou^utting none of said signal voltages in device with a gray-scale using a reduced number of signal 
one of said divided periods, and fcr, in accordance with the voltages having different levels; 

remaining potion of said digital video signal, selectively ^ (2) providing a drive circuit which can produce a pluraHty 
ou^utting one of said signal voltages in another of said voltages with more fine steps than voltages sup- 

divided periods. pjle^ ^rojjj ^ voltage source; and 

The voltage «5lectingm^^ supply a vol^ge to ^ ^^ve circuit which can drive a display 

a signal decfrode m a fiijit penod of one output peaod, bu^ g^y-scalc display 

supphes a voltage with a levdcorrcspondmg to video signal 25 

data in the residual second period. Due to the electric BRIEF DESCRIFnON OF THE DRAWINGS 

capacitance of a pixel connected to the signal electrode, even 

when a voltage with a constant level is supplied to the signal ™s invention may be better understood and its numerous 
electrode, a voltage s^jplied to a pixel gradually comes closa objects and advantages will become apparent to those skilled 

to a sillied voltage in accordance with a predetermined 3^ An the art by rcf cxencc to the accompanying drawings as 
curve. Therefore, by determining the level of the voltage follows: 

supplied to the signal electrode and the length of the second FIO. 1 is a blodc diagram illustrating one embodiment of 
period in which the voltage is supplied, the timing at which the invention. 

the level of the signal voltage applied to the pixel reaches a FIG. 2 shows the logical relationships between the inputs 

desired value can coincide with the timing at which the 35 and ou^uts of a selection circuit used in the embodiment of 
output period is terminated and tiie supply of the voltage to FIG. 1. 

flic signal voltage is CQnq)letcd. Accor^gly, by appro^- pjQ 3 ^ equivalent drcait of analog switches end 
atcly adoptmg respective cases where the voltage from the j^^c source line in the case that two analog switches are 
voltage supplying means is supplied to the signal electrode simultaneously conductive in the cmbodimenl of FIG. 1. 

''^J!,^^'^'^^''*'**'^T'*^^^l'"^^^li^ ^ na 4 shows the relationships between digital video 
controlled manner, voltages the number of which is greater . ""T .„h^^iI«„^ 7I^^i7 ^ 

thanthatof extcmalvoltagelevelscanbeappliedtoapixcL *nd voltages apphed to pixels. 

The adoption of the cases is controlled by the time control ^ ^ ^ circuit diagram illustrating m more detail the 

jQi^jis, selection circuit of the embodiment of HQ. 1. 

In a furthff aspect of the invention, the drive drcuit for a 45 FKf- ^ is a block diagramiUustrating another embodiment 
display apparatus comprises: voltage supplying means for of the invention. 

supplying a plurality of signal voltages, the levels of said FIG. 7 shows the logical relatiollsh^>s between the inputs 
signal voltages being different from each other; time control end outputs of a selection circuit used in the embodiment of 
means for receiving one portion ok said digital video signal, FIG. 6. 

and for producing a time division signal indicative of two or so FIG. 8 is a timing chart iUustiating the operation of the 
mere divided periods of one signal ou^t period; and embodiment of HG. €, 

voltage selecting means, connected to said voltage stqiply- piG. 9 shows an equivalent circuit of one source line, 
ing means and said tinie control bmus, for receivi^ s^d 10 shows the variation in flie voltage level ^pHed to 

digital video signal, for, m accordance with said time pixels in the embodiment <rf FIG. 6. 

division signal and flie remaining portion of said digital 55 jjwn n r*i«*;^*fc;«c k*.*«,*^« ^a^^ 

said divided periods, and for outouttmg anothor one of said T^T, tM^y^^u. i»^uij^, , ^ 

signal voltages in another one of said divided periods. 12is a draik diagmm iUustraUngin mare detail the 

The voltage selecting means suppUes a fint voltage to a the cmbodunent of FIG. 6. 

signal electrode in a first period of one oaSput period, and eo ^ diagram illustrating a further embodi- 

supplics a second voltage in the second period. Due to die ^ invention. 

electric capacitance of a pixel connected to the signal FIG. 14 shows the logical relationships tietween the 
dectrodc, by changing the length ratio of the first and second inputs and ou^uts of a time control circint used in the 
periods in which ttic first end second voltages are supplied, embodiment of FIG. 13. 

re^ctively, the signal voltage to be applied to the pixel can 65 FIG. 15 shows the logical relationships between the 
be set to an arbitrary voltage between the first and second inputs and outputs of a selection circuit used in the embodi- 
vohages. Therefore, the length ratio of the first end second ment of FIG. 13. 
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FIG 16 shows an cquivaleat circuit of one source linR The tenninals of fhe five analog switches ASW^-ASW^ are 

FIG. 17 lUuslrates the rdationshto b^een the variation connected to external voltage sources with five levels V^^V^ 

in the voltage level output on a source line and the voltage (Vo<V,<V,^3^4). respectively. The other terminals are 

annlied to a oixd. commonly connected to the nth source line 0„. The control 

!^.« ^ . 1* 1-^* 5 tenninals of the analog switches ASW0-ASW4 receive the 

FIG. 18 lUustrates die variation in Ae voltage apphed to » ^ resp^vdy. 

a pixel for various voltages output on a source bne. ^ J^. ^ . . J ♦ ^rT r/ t% x 

FIG Wisadrcuitdiagramillustratinginmaredetailthe ^? f ^ '^^^'i,''^ ^^'..^i^ 

riu. ^ supplied to the sanq)lmg flip-flop Msmp arc sequentially 

tm^oonm>l circuit and selecdon circuit of the embodiment ^ accordant 4h a sampling pulse T^^. con^ 

of FKj. 13. JO spending to the source line 0„ end supplied to the holding 

na 20 illustrates inputs and outputs of the time control fiip.flcp Mj=^ After coiiq>lcting die sampling of video signal 

drcuit of the embodiment of HG. 13. data for all pixds on one scanning line, the data P^Di,D2) 

FIG. 21 illustrates the lelationsh^s between digital video held in die holding flq>-flop is fed to the selection circuit 

signals and output voltages in the embodiment of FIG. 13. 20 through the inputs A, B and C by an ou^ut pulse OB ' 

FIG. 22 is a block diagram illustrating a still furdier 15 applied to the holding flip-flop Mjj. 

embodiment of the invention. The table of FIG. 2 shows tiie relationship among the 

FIG. 23 shows the logical rclationsh^)s between the values of flic ii^uts A, B and C and the values of the outputs 

inputs and ou^ts of a time sdection drcuit used in die S0--S4 the selection circuit 20. For example, when flie 

embodiment of FIG. 22. video signal data (Do. Di. DXA, B, Q is (0, 0, 0), only flie 

FIG. 24 shows the logical relationships between the ou^So is 1 and the otiier outputo^^^ 

inputs and ou^ts of a voltage selection selection drcuit only die analog swUdi AS Wo is conductive and the external 

used in the embodiment of Fia 22. Po^cr source voltage Vo is supphed to die source hue 0„. 

!ZJrZ7.^T ^^,„ ^ #^ When (A, B,C>=(0. 1,0), only the ou^ut Si is 1. Thus, only 

m 25 is a timmg diart iUustratmg die operation of die ^^Qj^swX conductive and diepower sour<i 

embodiment of FIG. 22. 25 ^^j^^ supplied to die source line 0„. In the same 

HG. 26 illustrates an equivalent circuit of one source line. nianner, die power source voltage Vj is supplied when (A, 

FIG. 27 illustrates die rdationship between the variation b, C>=(0, 0, 1)» V3 is supplied when (A, B, C)=(0, 1, 1), end 

in the voltage level ou^t on a source line and the voltage V4 is supplied when (A, B, Q={U U 1)- above cases, 

^Hcd to a pixd. an external voltage having one levd is supplied to the source 

FIG. 28 illustrates die rdationships between digital video ^ Une 

signals end output voltages in the embodiment of FIG. 22. when die video signal data (D^, Di, D2) (A, B, Q is (1, 

HG. 29 is a drcuit diagram illustrating in more detail die 0, 0), one of the ou4>uts So and S ^ of die sdection drcuit 20 

time sdection circuit and vdtage sdection circuit of die is 1, and die other outputs S2» S5, S4 arc 0. Thus, the two 

embodiment of HG. 22. 33 analog switches ASWo and ASWj ere conductive at die 

FIG 30 is a timing diart iUustrating inputs of die time same time, andbodiflie external voltage sources Vq and Vj 

sdection drcuit are connected to die source line 0„. The equivalent circuit in 

HG. 31 is a timing diart illustrating die rdationship tins case is shown in FIG. 3. ^te^ 

betweendielnputsofthetimesdectioni^cuitandvoltages the reactance of fte analog swi^^ 

t« n n)TPi ^ the resistance of die analog switch ASW^ in die conductive 

^Jioiioapixei. , . 1 state. In die case off HG. 3, die voltage V^^^rSuppUcd to die 

HG. 32 i5 a drcuit diagram of a drive craut for analog ^^^^ ^ steady state is eTpres^ as follows: 
video signals. 

FKj. 33 illustrates a portion of die drive circuit of FIG. 32 Rom Vo+Rcm Vi 

for one source line. kan + kom 

HG. 34 illustrates the opaation of die drive circuit ai ^ 

FIG. 32. This e:tpression shows the condition of V^^V^jv^Vj, and 

HG. 35 illustrates a drive drcuit in which a digital namdy die voltage Wqn supplied to die source line has 

sanqiling unit is provided for each source line. a levd between the levds of external vdtages Vq and Vj. 

HG. 3d illustrates a portion of die drive drcuit of FIG. 35 ^ when die on-resistances Rojvo and Roj^i are set equal to 

for one source line. each oflier (RoA!cr*QNi)» ^ voltage V^jv^ is expressed by 

HG. 37 illustrates a portion of a drive drcuit for one the following expression: 
source line which recdvcs 4-bit digital video signals. 

HG. 38 illustrates a portion of a drive circuit for one Va«p(V +VJ2 

source line which recdves 3-bit digital video signals. 55 ^ 

Accordingly, it is possible to supply a voltage widi a middle 

DESCRIFnON OF THE PREFERRED levdof and V^. In die same way, in die embodiment, die 

EMBODIMENTS on-rcsistanccs of die analog switches ASWq-ASW^ arc 

HG. 1 shows an embodiment of the inventioa In HG. 1, equal to each odict. TTius, the vdtage widi a level of 

a digital video signal data of 3 bits is supplied to a signal 60 (Vi+VJ/Z can be suK>lied to die source line 0„ when (Do, 

voltage output circuit for the ndi signal line (source line) of Dj, DjHA, B, CHI* h 0), and die voltage with a levd of 

a drive drcuit for an LCD t^jparatus. The circuit conges (Va+VaVi can be supplied to die source line 0^ when (A, B, 

a sanqjling mp4iop Mg^py a holding flip-flop M^ a seleo- CHI* 0, 1). The above enibodiment has been described in 

tioncircuit20, and five analog switdies AS W0-ASW4. Bach die case where two levels of external voltages are supplied 

of the sampling flip-flop Msjip end die holding fl^)-flopM^ 65 to die source line 0„ at die same time, 

comfsises diree D-type flip-flops conesponding to the HG. 4 summarizes the rdationship among die values of 

respective bits D^ I>i and I>2 of a digital video signal data. digital video signal data Dq, Dj and D2 to be fed to die drive 
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circuit for an LCD apparatus of the invention and flic values ment of HQ. L The upper 2 bits and of fbe video 

of the voltage siqxplied to the source line 0„. As seen from signal data held in the holding flip-flop M„ are fed to the 

the table of FIG. 4, the drive drcoit of the inventloo can selection circuit 20 throug}i the tcnninals a andB as th^ are. 

peEform a dis^y of eight gray-scale levels with using The lowest significant bit Dq of the video signal data is fed 

cxteinal voltages having only five levels. 5 into the AND circuit 22 together with a control signal TM, 

FIG. 5 shows an exaixq>le in which the selection circuit 20 and the resulting signal CTM is fed to the selection circuit 

shown in FIG. 1 is a logic circuit including AND gates and 20. 

OR gates. In this example, the following logic expressions FIG. 7 shows the relationship among the values of the 

which arc led from the logic table of FIG. 2, and realized by inputs A, B and CTM of the selection circuit 20 and the 
the airangcment of AND gates and OR gates shown in FIG. lO output (one of SaSJ selected by the selection drcuit 20. 

S: When, for exanq>le, the video signal data (Dq, D^, is (0» 

0, 0), (A, B, CTM) are always (0, 0, 0) inespective of the 
value of the control signal TM, and the selection circuit 20 

^^'^ selects the output Sq. As & result, only the analog switch 

s ^-B-c-^A^B ASWq is conductive and the power source voltage V^, is 

^ supplied to the source line 0„. When the video signal data 

SrA'B'C^'B (Do, D^, Dj) is (1, 0, 0), the ouqwt of the selection circuit 

20 depends on the value of the control signal TM. Since the 

SirA'BC+A'B'C ^^j^ ^ Q during the Low levd period of die control 
S^ B-C ^ signal TM, the selection circuit 20 selects the ou^ut Sq and 

the voltage is supplied to the source line 0„. When the 

Id this embodiment the digital video signal data is 3 bits. control signal TM becomes Hi^ the input CTM is 1 and the 

As shown in FIG. 38. ^en one of the external voltages is selection circuit 20 selects the output S^, whereby the 

selected to be supplied to a pixel as it is, the required number voltage is supplied to the source line 0„. The conditions 

of external voltage levels is 2^=8. However, in this 25 ofthe outputpulseOE, the control signal TM and the change 

embodiment, since middle level between two external volt- of the si^al for the source lane O^ are shown An the timing 

age levels can be produced, it is sufficient only to provide chart of FIG. 8. 

external voltages with five levels. In tiie same way, for 4-bit The equivalent circuit of the load for the source line 0„ is 

video signal date, it is necessary to provide external voltages shown in FIG. 9. In this figure, R, rqjxesrats the whole 

with 2*=16 levels in the above configuration. This embodi- 30 rcastanoe of the source line, represents the ci^adtance of 

meat necessitates external vdtagcs with 2 Vl=9 levels. As tiie source line, v^t) indicates a potential at a point A, and 

described above, for n-bit video signal data, tiiis embodi- ^com indicates a voltage appMed to an opposite electrode, 

mcnt requires external voltage levels of 2^"-^^+L On the Actually, flxe capacitance C^c of the pixel is formed in 

contrary, conventionally, since the voltage levels to be parallel with the capacitance as shown by a broken line 

supplied to a pixel ere obtained from external voltages, it is 35 in FIG. 9. However, the capacitance 0^^ is extremiely 

necessary to provide external voltage levels of 2". Therefore, smaller tiian the source line cq)acilance C, (e.g., C^160 pF, 

in this embodiment, the burden of the voltage supplying Cjjc=Q,2 pF), so that the c^acitance Cic m^y be disre- 

drcuit can be reduced and the number of terminals of the garded. Accordingly, tiie potential v^t) at the point A can be 

drive circuit can be reduced According to the invention, the regarded as the voltage between tiie pixel electrode and the 

degree of reduction in the number of required external 40 opposite electrode. FIG. 10 shows the change in the voltage 

voltage levels is greater with the increase in the number of of the source line 0„ in mote detail. As shown m FIG. 10, 

hits of a video signal data. the control signal TM is Low during the first half t^ of the 

According to the invention, when signal voltages with period of the ou^ut pulse OE and High during the last half 

difierent levels are sullied to a pixel based on digital video t^. The voltage v(t) of the source line 0„ changes as follows: 
signal data so as to perform a gray-scale dispL£^, there are 4S 
two causes where an external voltage with one level is 

supplied to a signal electrode as the signal voltage, and v<i>=Vo (poSfi) 
uliere external voUages with two levels are supplied at the 

same time. When two levels are supplied at tiie same time, ^ 
a voltage with a middle level between these two levds can so 

be supplied to a pixcL Therefore, a predetermined number of ..y {t<Sf+fci 

scale levels can be attained without using the same number n P i u i. h) 

of external voltages but witii a reduced numbo- of external iiie voltage v^t) of tiie pixel connected to tiic source line 0„ 

voltages. Accordingly, the external voltage supplying circuit is obtained by solving ttie following simultaneous equations: 
can be made smaller and the number of terminals of the 35 
driver circuit for a display circuit can be reduced. 

Furthermore, since the steps between adjacent voltages v^,4{ii^yc;iK^ 

^plied to the pixel can be more minute than the steps . ^ 

between adjacent levds of external voltage sources, minute K>(<Kt/Oi(')*^"* 

gray-scale display can be attained when voltages with 60 ^^re i(t) is a current flowing flirough the source line 0„, 

minute dances are difficult to produce in an external and is a potential at the point A when tM),i.e.. a voltage 

vo^e pfodudng <»cuit of the source line in the previous horizontal scanning period. 

FIG. 6 shows another embodlme^^ TTie solution of these simnltaneous equations are effeded as 

embodunent of FIG. 6, the sdection drcuit 20 has only two follows : 
inputs terminals A and B, and an AND gate 22 is provided. 65 
The saitq>iing fl^fiop and the holding flip-flop M„ 

have the same configuration as tiiose used in the embodi- v^f>=V^v;> {i-«xp(-*tC^-/<,))) 
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Accordingly, the vdtage v^t) comes closo' to the vdtage Vq An example in which the selection drcait 20 shown in 

as shown by a broken line in FIG. 10. In view of the rising FIG. 6 is realized by AND gates, OR gates and an Inverter 

cfaaiacteristic of the voltage, when designing a tiquid crystal is shown in FIG. IZ In this example, the following logic 

pand, the values of fiie aqjacitance C, and tilie resistance R, expressions are led from the logic table of FIG. 7. In the 
ere sach det^mined that the voltage v^t) comes sufficiently 5 following expressions, CTM is r^esented by T: 
doser to the voltage Vq in the period of the output pulse OK 
Next, the change in the voltage v^ (t) after is obtained by 
solving the following simultaneous equations: Stf^-A T 

In these equations, a coordinate transformation is pcrfcamed s^-a t 

as follows: 15 

As seen from above, when video signal data is n bits, only 
2^'*~'^+l levels are required also in this embodiment 
^"^^ FIG. 13 shows a further embodiment of the invention. 

^4y^ This embodiment comprises a sampling memory an 

20 output holding memory (holding memoiy) Mj^, a time 
The solution of the above simultaneous equations is effected control circuit TC, a selection circuit SEL, and four analog 
as follows: switches ASWi-AiSW4. The sanq)ling memoy M^a^p, hold- 

ing memory and selection drcnit SEL are similar in 
V wv V ^^itn » nm Construction as those used in the embodiment of FIG, 6. 

v.(TMVi-yoHi-«P(-^(C,*ir,))} ^ Among the outputs of the holding memory Mj^,, the least 

The time pcriodrequiredforthe voltage of tfie pixel to reach significant hit D<, of the digital video signal data is fed to the 
the middle voltage (Vo-Viy2 (for the v-coordinate axis, control circuit TC, and the other bits (in this 

(Vo+Viy2) of Vj and Vo is obtained by tiie following embodiment, tiie uppca- 2 bits Dj and Dj) arc fed to fee 
equation: selection drcnit S£L through the inputs B and C. 

30 The time control circuit TC iccdves, in addition to the 
1-bit data from the holding memory Mj^ (the least significant 
(Vi-Voy2KVl-Vo)-{i-«p(-^(CA))} bit Do of the video signal data), an external pulse signal (a 

™- ... . time control pulse signal) TM at an ii^mt terminal A. The 

ine sQiuuon is, ^^^^ ^ ^^^^ ^ ^ 

T = (in2) .C Jt selection circuit SEL together with the upper bits of the 

video signal data (in this embodiment, 2 bits (D^, D2)). 
= 0.693 X G • Based on these ii^uts, the selection drcuit SEL makes one 

of four ou^uts S1-S4 High or 1 in accordance with the logic 
As is apparent from the equation, the time period t b described below. Thus, the corresponding one of the analog 
independent of the external voltages Vo, Vi and 40 switches AS W1-ASW4 is conductive, and one of the exter- 
Accordingly, the tune period t is constant when any two nal voltages V1-V4 (Vi<V2<V3<V4) is supplied to the 
adjacent voltage levels are selected from the external volt- source line 

ages V0-V4 by the selection circuit 20. Therefore, when the The logic table of FIG. 14 illustrates the relationship 
time period 4 for which tiie control signal TM is High between the input A (Do) and the oulput CTM of (he time 
conforms wi& the time period t obtained by the above 4S control circuit TC When the value ofthe input data is 0 (i.e., 
equation, the voltage of the pixel can take the middle value Dq^O), flte inptsi pulse signal TM is ou^ut as it is. When 
between Vq and Vi. Do=l, the ou^ut CTM is always 1. 

The table of FIG. 11 shows the relationsh^> among &e The logic table of FIG. 15 illustrates the relationshq> 
values of Do, D^ end D2 of a video s^nal data and the among the inputs B, C and CTM and the ou^ut of the 
voltage applied to the piiud in this embodiment. When the 30 selection drcuit SEL. When the input CTM is 0, all the 
lowest significant bit Do of die video signal data is 0, the ou^uts S1-S4 are 0, inespecdve of the values of the other 
ou^ut of the selection circuit 20 is constant irrespective of inpits B and C (i,e., the upper bits of die video signal data), 
the change in the control signal TM, so that the voltage When the input CTM is 1, only die output Sx (X=Y+i) 
siq)plied to the source line O,, takes a constant value Vq, V^, acovding to the value Y indicated by the odier ii^>uts (B and 
Vj or V3. When the lowest significant bit Do is l,tiie output 55 C) (in this embodiment, a 2-bit hmaiy digit value in whidi 
of the selection circuit 20 changes as the control signal TM C is the hlg^ bit and B is the lower bit) is 1. 
changes in one period of the output pulse OB as shown in The cmbodimeot of FIG. 13 operates as fallows when the 
FIG. 8, and the external voltages with adjacent two levels are time control drcuit TC and the selection circuit SHL perform 
sequentially supplied to die source line 0». Especially, since the ou^ts in accordance with the above-mentioned logic, 
the time period t for whidi the voltage is supplied in the last 60 When ttie least significant bit Dq of the video signal data is 
half is determined by the above equation, the middle values 1, the output CTM of tht time control circuit TC is always 
(Vo+Vi)/2, (Vi+V2y2, (V2+V3)/2, (V3+V4)/2 of the respeo- 1, and tiic selection circuit SEL operates in the same manner 
tive adjacent levels are a|^lied to the liquid crystal as the decoder (the decoder DEC shown in FIGS. 35 and 36) 
Accordingly, in this embodiment, only five levels of external. which rec^ves the upper 2 bits (D^, Dj) of the video signal 
voltages V0-V4 arc required when eight levels of voltages 65 data. In other words, one of die om)uts Sj-S4 is selected to 
corresponding to the 3-bit video signal data are supplied to be 1 in accordance with the values of Uie upper 2 bits of the 
the pixel. video signal data, so diat the corresponding analog switch 
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ASW, is Condacdve and one of four levels of external voltage V2 at tune tx. These tunes (2 and are obtained by 
voltages is supplied to the source line 0„. solving the following expressions, respectively: 

When the least significant bit Do of the video signal data 
is 0 and the time control pulse signal TM is High or 1, die 

selection circuit SEL operates in the same manner as 5 V2=VcojrfV,'{i-eip(-V(C,'i^))) 
described above. During the Low level (0) period of the vj^-^-^ur o\ 

pulse signal TM, aU of tiie outputs S^S^ of the selecUon vi=:v«wV4ti-«P(-VCc:, ^^p> 

circuit SEL are 0 irrespective of the vahies of the \q>per 2 bits ^^.q V4-V3=V3-Vr=V--Vi=AV, the voltages Vj, Vg and 

of the video signal data, and the source line 0„ is in a high y ^re expressed as follows: 

impedance state. That is, when the least significant bit of the 10 

video signal data is 0, the output period of the external 

voltages to die source line O^^ can be controlled by the pulse V^Vi+AV 

signal TM. 

The equivalent circuit of the load for the source lioe 0„ is V^-Vi+ZA V 

shown in FIG. 16. In FIG. 16, R, indicates the resistance of 15 ^ ^ 

the source line, indicates the capacitance of a liquid ^ ' 

crystal jaxd connected to the source Hne and Wcom Therefore, the above csqwessions can be rewritten as fol- 
represents a common voltage applied to the opposite dec- lows: 
trodc to the liquid crystal It is assumed that the tune when 
the time c<mtrol pulse signal TM changes from Low to High 20 

is t=»0. The voltage v(t) supplied from the source drive of v,+^AV=Voai^,4^2AV){i-e!xp(-V(C//?,))} 
FIG. 13 to the source line 0„ is expressed as follows: 

v<iH>(«0} 25 By solving these e^essions, times t2 and t) are obtained as 



and 



follows: 



*r=C,.i^*i{(V|+2AVy(Vc«^AV)} 



The voltage v^t) across the c^adtancc C, of the pixel »r=C//(,-fa{(V,+3AVyoWAV)} 
whichisaloadforAesourcelineO inaca>r^^ difference between times t^ and t, is expressed as 

diange la the supplied v<dtage can be obtamcd by solvmg foUows- -2 -=» ir- 

the following simultaneous equations: 



35 



*»-Htt=CAMVi+3AVy(n+2Ar)) (2) 



vXtXycJii^VcMt Vi+3AK>Vi+2AK the following condition is always 

satisfied: 

where i(t) indicates a current flowing diroug|h the source line 

O^. The solution ofthe simultaneous equations is effected as 40 

follows: Huu is, tpt. 

In tiie same maimer, the difference between times t^ and tj 
vXt>Ycott*-Vr{^'^'^CM)} (1) is expressed as follows: 

The voltage v^t) comes closer to the voltage V, as shown in 

FIG. 17, Accordingly, before the voltage v^(t) comes suffl- ^-fi4<:,4iyfa{Vi+2Avy(Vi+4V)) (3) 

dently closer to the voltage V^, at the time when the voltage 

v^(t) reaches a desired value, the time control pulse signal Since t2>ti» the following relationship is established: 

TM is dropped to Low to stop the ou^ut to the source line 

0„. Thus, die voltage applied to a pixel can be set to an ^ 

arbitrary value. FIG. 18 shows the curves of die voltage vjfy *»>*iXi 

applied to the pixd wtea Ae V^^WUed to ^e ^ ^ 

source hne 0„ arc Vi, Vj, Va and V4, respectively. In the conditions erisfc 

case of FIG. 18, it is assunied diat the differences between 

the adjacent two levels of external voltages Vj, Vj, Vg and 

V4 arc equal to eadi other. The respective voltages Wfi:) arc Y^Of^ifxY^ 

expressed as follows: 

Vi(f>=Vca„fV,.{l-*ip(-rf<C,.iIJ)} 60 Vi<^{t)<Vi 

i'3(t)=Veo^V3^i-cip(-tf(c,-^)} ThRSC respective times t satisiy the following inequalities, 

yM-Vcvu^VA2^'^iCM)} respectively: 

As seen from FIG. 18, the voltage V4<t) equals to Ihe 
voltage V3 at time tg, and the voltage yy{t) equals to the ^ 
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Cjct oa^at circuit according to the loventioa, the cumber of 

external voltage levels may be 2^=8, and only one time 
control pulse signal TM is required. 
0^ Accofdmg to the embodiment, when signal voltages with 

5 different levels arc jq>pliod to a pixel based on digital video 
That is, a point of time when the voltage applied to the pixel signal data and a gcay-scale display is performed, die 
is an arbilTary voltage having a level between die respective voltages arc not supplied in the first half of one output 
two of the levels Vj, Vj V, and V4 uniquely exists.. period, but one of the levels of die external voltages is 

In expressions (2) and (3), if Vi»AV, t^tr^i. In tfiis silled to a pixel onty during a predetennined time period 
case, times t when the voltages V4(t), VjCt), v^© and Vi(t) w in &e last half. By previously selecting &clm 
become die middle levels of the adjacent levels of die ™ c^aatance of toe pjxd, when one 

external voltages V„ V„ V3 and V^, i.c, (V^+VsVl, (V3+ ^ T**^ ''u^^'' T '^i'' 

SJbe^^n^^^ 

matdy equal to each other. ^ suoolied to die oixd. 

m value of die voltage V, can be deteininc^ arbitarily 15 ^ ^^^^ embodiment. TTiis embodiment 

Therefore, iftiievdtageV.isdetcrmmedsoas to satisfyAe comprises a signal voltage output drcuit (a source driver) 

relanonship of Vi»AV, the time periods t^, fa- which die f^j. ^ (source line) 0„of a drive drcuit for 

intermediate values (y^^^W^)!!, (Vg+Vj)/!, (Vj+VJ/i and ^ LCD ^aratusto which digital video signal data of 4 bits 

Vi-AV/2 are supplied to die pixel can be respectively supplied. The circuit comprises a sanq)ling memory 

determined uniquely. Acca-dingjy, by setting die widdi of 20 Mj^p, two memories for holding outputs (holding 

the time control pulse signal TM shown in FIG. 18 to be die memories) Mj^ and Mj^, a time selection drcuit TS, a 

time period t^ voltages with the intermediate values can be voltage selection drcuit VS, and five analog switches 

supplied to the pixel, only using a small number of external ASW^-ASW^. 

voltages. Generally, since AV becomes small widi the The sampling manory M^^^p conqirises four D-type 

increase in number of gray-scale levels to be displayed, the 25 fiip'fiOP^ corresponding to the respective bits D^, D^, D3 and 

above-mentioned condkion of Vi»AV can be more easily D3 of a digital video signal data. The sanq)]ing memory 

satisfied as the number of die gray-scale Icvds increases. ^smp latches video signal data in accordance witti the rismg 

FIG. \9 shows an cxan^c in which flie time control of a sainimng pulse Tsw^f^ and supplies them to die holding 

circuit TC and die selection drcuit SEL shown in FIG. 13 arc nicmories Mj^ and Mg^ Eadi of tiie two holding memories 

realized by AND gates and OR gates. The time control 30 ^^^/f'L^^ ^"^^t^ two D-type flip-flops whidi corre- 

^»^t:f'rr>T«.»tw.otnv 'nwi»i«.^'/^nWr»i{*ci7r spond to ttie lower 2 hits and die upper 2 bits of tfie sampling 

circuit TC may be^ OR gate^ T^ selection oraiit SH. can respectively. ITie Xa to be supplied to&e 

consist of four AND gates. The tmnng relationship between umhI^J ™^ at^K^^ w J«„^f 

die outputpulse OB and die time contralpulse d^TM fed ^'"^^^^^^TT^o^^^^ ^^t^ ^^f^l 

^ y IT ' -T^rT^ T; ™ \Sr^ ^ oulpot pulse OE, and fed to the tmie sdection cuxnut TS 

to die tune cwitrol curcmtTC is shown m HG. 20. The tmic tte vStoge selection drcuit VS, respedively. At diis 

control pulse signal mitecomw 35 time, die outputs of the holding memory corresponding 

ouq>ut pulse OE, so fliat the external voltage is begun to i^^^ 2 bits D© and D^ of die distal video signal data 

be supplied to die source line 0„. After die time period t^ t^e time selection drcuit TS dirough die input 

when die voltage of the pixel reaches die middle value, die terminals a and B. The outputs of die holdmg memory 

time control pulse signal TM drops to Low. At dds time, die coircsponding to die upper 2 bits D2 and D3 arc fed to die 

next ou^ut pulse OB rises and die next ou^ut of voltage is 40 voltage sdection drcuit VS dirough die input tcnninab A 

started from the source driver to the source line. However, and B. 

by die function of scanning dectrodcs (not shownX the pixel Iq addition to the 2-lnt data (die lower 2 bits Do and Dj 

which is charged by (VrHV^i)/2 is disconnected ftom die of die video signal data) firom die holding memory Mj^i, die 

source driver, so that die pixd keeps die condition charged time sdection drcuit TS recdves tiiree external pulse dg- 

by (V^V^i)/2. 45 nals (time division pulse signals) TMj, TM^ and TM3. The 

The rdationshq) among die values of digital video signal three time division pulse signals TMi, TMj and TM3 are 

data Do, D^ and Dj and the vdtage applied to die liquid different in pulse widdi ftom each odier. An ou^t CTM 

crystal in the source driver of this embodiment is shown in from die time selection circuit TS is fed to the voltage 

HG. 21. It will be understood that, by replacing the voltage selection circuit VS in conjunction wldi the upper 2 bits D^ 

Icvds realized in this embodiment with the following so and Dj of the video signal data. Based on these puts, the 

voltages, the source driver of diis embodiment has the same voltage sdection circuit VS makes one of five ou^uts ScrS4 

functionasfliatoftiiecircuitrcquircddghtlcvelsofcxtemal Hi^ or 1 in accordance wifli logic described below. Thus, 

voltages as shown in FIG. 38: the oonesponding one of die analog switdies ASW0-ASW4 

is conductive, and one of die external voltages V0-V4 is 

Vi-AV/2 -> Vo 55 supiriiedtotiiesourceUneO«(Vo<Vi<Va,^v3<V4.anddiB 

V\ -f Vt potential differences between die respective ai^acent levels 

(V, + v^ -+ V2 are equal). 

The relationship among the input data (Do, D^ at the 

~^ inputs a and B and the ou^ut CTM of the time sdection 

(Va+Vjy2 V4 60 drcuitTS is shown in die logic table of FIG. 23. When die 

V) V5 value of the input data is 0 (ie., (Dot Di)=(0, 0)), the output 

/V + VV2 V is always 0. When the value of the input data is 1, 2 

(V3 + K4y2 K« or3(i.e.,(Do,Di)=(0. l),(l,0)or(l, l)),ttieou!putCrM 

V* V7 is 0 or i in synchronization with the respective time division 

65 pulse signals TMi, TM2 and TM,. 

In this embodiment, the digital video signal data is 3 bits. The relationship among the iiqiuts A, B and CTM and the 

Even if the video signal data is 4 bits, in the signal voltage ou^ut of the voltage sdection drcuit VS is shown in the 
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logic table of HG. 24. When the upper 2 hits (D3, D3) of the The change in the voltage v^(t) after ttie time U can be 

video signal data are (0, 0) and the input CTM is 0, the 6t}tained from tfie following sdmultaneoas equations: 
ou^ut So becomes 1. When (D^ DgHO, 0) and CTMp*!, the 
output Si becomes 1, For (D^, D,) having another value ((0, 

1), (1, 0) or (1,1)), in the same manner, Ihcoo^tS, (1=1, 5 yi'V^F^ K'tyHVCjK'tyir 

Z 3) becomes 1 when CTM is 0, and the ou^t ,y w r ^ 

becomes 1 when CTTM is l.Tharefore, for one unit of video •'.(tHi/Wiyi 

il^n'^^'^.r'^'"^'!!^^ ^ «>*>«»i°^ transformation is pex- 

bnc 0„ from the source dnvcr of FIG. 22 changes from the fonned as follows* 

lower voltage level to the higher voltage level V^^^, hi 10 

accordance witii the change (from 0 to 1) of the ou^ut CTM 

from the time selection drcuit TS. The value of the ou^ut t^+t 

CTfA of the time selection drcuit TS changes in accordance * 

with the time division pulse signalTMjt (fc=l, 2, 3) when the w'+Vq 

lower 2 bits (Dq, of the video signal data are not (0, 0). i5 ^ 

Accordingly, for example as shown in the timing chart of ^® solution of the above simultaneous equations is effected 

HG. 25, the voltage Vo is suppUcd during the time period t„ foUows: 
beginning from the rising of the output pulse OE, and 

thaeafler the voltage Vj is suppHed during the time period „ wi^«/^/r » ^u 

tf,. The sum of the time periods ^ and t^, equals the paiod of 20 »'«^'^M»^i-»^oMi-«P(-^(c,.ifJ)l 

Ae output pulse OB which is constant However, as when the difference between the voltages Vo and V, are 

d^aibed above, tfie hme dmsioii pulse signals TM* are divided into four equal parts, the obtained voltages are 

different from each otiier m the ratio of the time periods t, represented by Vo.,, Vq.^ and Vo.3. The time periods t^, t, 

^th: ^ . , ... and tj (from time tj required for the voltage vJx) to reach 

HG. M shows an equivalent cffcuit of the load for the 25 thevoltagesVo.^, Vo., and V0.3 are respectively obtained by 

source line 0„. The resistance of the source line 0„ is the following equations: 
represented by and the capacitance of (he liquid crystal 
pixel connected to the source line 0„ is represented by 

A common voltage applied to the oppc«ite electrode of the ( V,-Vo)W=(V,-Vo>{ i-acp(r-t/(CM)} 

liquid crystal display panel is indicated by V^^^ In the case 30 

of HG. 25, the voltage v(t) suppUed to the source line 0„ is (Vi-v;iy2-<V|-VoHi'«P(-</(C,-*J)} 
changed as follows: 



and 



3(Vj-Voy4=(V,-Vo).{l-^-^(C-/i;))} 

Hie solutions are effected as follows 



r,=0.288 CyR^ 



During the tame period of 0<t<t^ tiie voltage Vq is 

supplied to the source line 0^ Accordingly, the voltage yj(t) As is 29)parent frx>m these equations, the time periods t^, t^ 

across the ciq>acLtance C, of the pixel whidi is a load for the ^ arc independent of the external voltages Vq and V^. 

source line 0„ can be obtained from (he following simulta- 'Hiat is, the time periods t^, t2 and (3 are always constant even 

neous equations: 45 when any two adjacent voltage levels are selected from the 

external voltage levels V0-V4 by the voltage selection 
circuit VS. Thoref ore, when the time pmod t^ for which the 

Vo^f^Ki^c^'TO* time division pulse signals TMj, TMj and TM3 to be 

. supplied to the time selection circuit TS are High is set to the 

v/i)=<i/cjjf(0*^v«w 50 thneperiodtijtaOTtaObtainedfromlheaboveequations.the 

where i(t) represents a current flowing through the source 1?^^ ^T^Z"^'' ^"^^^^ ""^^^ 

line 0„. By solvkg the simultaneous equations, the voltage "^"^^ tl^"""^: 7^^"" levels Vo-V,) 

v(t) is obtained as foUows: can be arbitrarily appUed to the Uquid crystal. In the same 

manner, voltage levels V^.^, V^.^ and V^.j whidi are 

55 obtained hi such a manner that the difference between the 

v<^t)=Vco,^Vo-{l-«p(-rf(CyJe,)» voltages V^ and V^ is divided into four equal parts, end 

voltage levels which are obtained in such a manner that the 

The voltage v^(t) comes closer to the voltage V© as shown difference between tiie voltages Vj and Vg is divided into 

by a broken curve in HG. 27. In view of this rising four equal parts can be produced by fliese time division pulse 

characteristic of the voltage, when designing a liquid crystal 60 signals TMi, TM3 and TM3. 

panel, the values of the capacitance C, and the resistance FIG. 28 shows (he relationshq) among the values of the 

of a liquid crystal are dctcnnined so (hat (he voltage v^t) digital video signal data D©, Di, Da and D3 and the voltage 

comcssuffldentlycloscrtothevoltageVoinashQrterperiod applied to the liquid crystal in the source driver of this 

of time than the period of the output pulse OE. In other embodiment which operates as described above. When the 

words, tfic values of capacitance C, and resistance R, are 65 lower 2 bits (Dq, DJ of video signal data are (0, 0), the 

^prppriatcly dctennined, whereby the voltage can come ou^ut of the time selection circuit TS Is always 0, irrespec- 

aifficicntly doscr to the voltage Vq at tfie time t^. tivc of the change in the time division pulse signal TMjt 
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(k^l, 2, 3), so (hat tfie voltage with external voltage levd Vo, nected from &b source driver, so that the pixd keq>s Ifae 

Vj, 01 V, is si^ed to (he source line 0„. Vihta die condition of being cfaaiged bj the voltage V^^. 

Iowa 2 Uts (Do, D,) have values other than (0,0),tftBou4nit In Oie above-described onbodiment, ttie digital video 

of the time selection circuit TS changes from 0 to 1 witti die sigoal daU is 4 bits. For example, when the video signal data 

change of the time division pulse signal TM* in one period 5 is 6 hits to comply with an increased gr^-scale, the required 

oftheou<putpnlseOBasshowninn0.25.Whenthelower numbff of iCTi^of oUanal vol^^ 'L^,^'** 

2bits(Do.D5arc(l,0),thetimedivisionpnlsesignanM. ^^I^^ Tl,? SSt'SdSrulS Sn.^' 

is selected in the time selection drcuit TS. Tlierefare, die ^ ^ aocordmg to the mvention. for 

time period t» for which the Ugha voltage is output is die o^<^ are aligned to tte volto«e sdection circuit 

shortesTtime period t, (conversdy, the time period ^ for lo ySand2 bitsaretothetimcsele<Jioncircdtp.Tt^ 

which the uJwa voltage is output is longest), and die by F«viding extonal voltage sources with 2^+1=17 evds 

voltages appUedtotheptadhave Aelevds Vci, V,.j, V^., ^ division pulse signals TM,-TM„ a display 

and V,.»12dh of whicSii the lowest one among die tiiree wlfli 64 gay-scate levels can be attained. 

voUag^levds obtained by dividing the difference between AcconHng to die invention, when a gny-scde dlspUy k 

ihcl^acent levels into four equal parts. When die lower 2 is perfomedbysuppljrtng s^^^ 

Wts(Do,D,)are(0, 1), die time division pulse signal TM, based on digital video agnd data, one oulpw 

is sde.ned in die time sdecflon drcuit TS. Therefore, die ^ volteges is divided into two periods. In the fim and 

time period t* is the middle time period t,, and die voltages ^st half of die praods, the cstemal voltages with dilfexent 

appUed to die pixd have die levds V«, Vj.„ V^., and V„ If els are supplied tea ^d. By appropnatdy determining 

wWdi are die middle levds among die adjacent levds. 2D dieratiooftmiepeno^ for supplying die voltage according 

When die lower 2 hits (Do, D.) are (1, 1), die time division *» capaatanoe of die pad, a voltage wiUi an arbdrary 

pulse signalTMjis selectedin die time selection drcuitTS, l^d between a^ntexternal voltage levds can be sup- 

Tteefow, die time period t^ is die longest time period t,, the pad. Accordingly, rt is unnecessaiy to prepare 

and the voltages applied to die pixd have die levds V„, emnal votogesdie number of whidi is the sameas diat of 

V,3,V,.„andV„eadiafwhidiisd.ehighestoneainDng 25 a predetermined gray-scale levds. Thaefiwe, fte exU^ 

die dnec voltage levds obtained by dividing die difiercnce voltage supplyuig OKrot cm be made smdler and die 

between die adjacent levds into fonr etpal parts. As number rftmainds of die dnveciraiit for a display circuit 

described above, in diis embodiment, by only using five can be reduced. . ^ ^ . . „ 

levels of extemd voltages Vo, V., V„ V,, and V„ 16 Rirdicniwie, anas the steps between ad^ voltages 

voltagelevdscanbeappUedtodiepixds.AsshowninnG. 30 VP^^^ *e pnd can be more imnute tiian die steps 

yr, in a conventional digital source driver, in order to apply between adjaceat levds of external voltage sources, mmnte 

16 voltage levds to pixds, die same nmnber of external Pfy-scde display can be attained even when voltages with 

v<*age levds (ie. 16 levds) are required. In die drive '^'^ differences are difficult to produce in an external 

dicuit according to die invention, die nunibcr of extemd v<^e prodncmg rawnt 

voltagesourcescanbegreadyreduced,wherebyOiesizeand 35 » " midcfttood that vanous other modriications wdl be 

die^oduction cost of the drcuit can be reduced. "PParent to and can be readily made by fliose stalled m die 

FTO. 29 shows an example in whidi die time sdection ^ without d^g from die scope and spnt of Uns 

dicuit TS and die voltage sdection dicuit VS in HG. 22 mvention. Accoidingty. it is net intended fliat die scope of 

consists of logic drcuits comprising AM) gates, OR gates the dauns appended hereto be hmited to the desertion as 

and an invatet The time sdection drcuit TS consists of « heiem, but rattier diat die daims be construed as 

AND gates and OR gates arranged in accordance widi die e«>compassmg aU the features patentable novdty ^at 

logic toble of HG. k The voltage selection drcuit VS "» P^"^ invention, ^duding aU features diat 

coi^ts of AND gates. OR gates and an inverter according """Kl treated as equivatents titeeof by tiiose stalled m 

to die logic table of HG. 24. An example of a spedflc the art to which dds invention peitams. 

idationship among die output pulse OE and die time divi- 4S rTVf ^" , ^ . a.- ^ 

sionpnlserignalsTM»,TI^,a^dTM3tobesuppliedtodie l^^'""^^^'"j^^^J.'^rT 

timesdectioii^tTSisAownind^timingSaitofFIG. ^^^'^^'^-^''fS^'*,'" 

30. As shown in HG. 30, falling edges of die time division 8»tal video s^ dcfi^g aphnahQj of «Wr«ent gra. 

pulse signalsTM.,TM,.aJ™, (High) conform widi die dation levds and having a first portion and a second portion, 

rising edge of die cn^t pulse OB. HG. 31 shows die.M ««1<» <Wve circuit con^idsing: . , 

relationship among die output pulse OB, flie time division time control means for recdving die first portion of said 

pulse signalTM., die outout Voi;rto the source line 0„ and video signal, and for prodndng a time division 

die voltage V„ applied to die pixel, in die source driver of 8«K«»1 defining at leasta firstperiod anda second period 

FIG. 29 (or FIGJ 22) to whidi video signal data (Do, D„ D„ included in a sigDai output period in accordance with 

DO of (0, 0, 0, 1) are suppHed. Since die duration to of die ss said first portion of said digital video signal, said 

voltage Vo sufplied to die source line O, for die first time diqilay drive line being connected to a pixd during said 

is sufficienfiy long, die voltage of die pixd comes suffi- signal ou^ period; 

denfly doser to die voltage Vo during diis duration. After vdtage supplying means far supplying a plurality of 

die time period lo. die vdtage V, of next higher levd is slgnd voltages, die levds of said signal vdtages bdng 

started to be supplied to die source line 0„. As calculated by « different frwn each odier, 

die above equations, the voltage V„ appUed to die pixd vdtage sdecdng means, connected to said time control 

becomes Vo.i (=Vo-KVi_^)/4) after die time period t^ means, for recdving said second portion of said digitd 

When the voltage of the pixd reaches the v<dtage Vo.j, die . video signal and said time division signd, and sdec- 

nett ou^t pulse OE rises and the next ou^t of voltage tivdy ou^ntting, to said di^ay drive line, one of said 

from the source driver to the source line is started At diis 65 plurality of signal voltages during said first period of 

time, by the function of scanning dectrodes (not shown), the sud signal output period and another of said plurality 

pixd ^KliiGfa has been diarged by the voltage Vo.i is discon- of dgnd voltages during said second period of said 
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sigoal ou^t period, in accoidanoe with said second 
poition of said digital video signal and said time 
division signal. 

2. A drive clrcait Acooiding to claim 1, wbexein said 
voltage selecting means further outputs, to said display drive 5 
line, one of said plurality of signal voltages during bodi of 
said first and second periods of said signal ou^ut period. 

3. A drive drcuit according to daim 1, wherein said 
voltage selecting means is provided for each said display 
drive line of said display apparatus. lo 

4. A drive circuit according to daim 1, wherein said 
voltage sdecting means con^rises: 

a plurality of switch means, Che number of said plurality 
of switch means being equal to the number of said 
plurality of signal voltages; and 



20 

selection means for producing sdection signals which 
respectivdy control said plurality of switch means. 

5. A dnve drarit according to daim 1, wherdn said time 
conttd means receives a control signal and selectively 
outputs either said control signal or a constant value to said 
voltage selecting means in accoidance with said portion of 
said di gU?l video signaL 

6, A drive circuit according to daims, wherein the length 
of said first period and the length of said second period are 
fixed. 

X A drive drcuit . according to daim, wherdn the length 
of said first period and the lengfli of said second period are 
determined by said time control means in accordance with 
said portion of said digital video signaL 

* « « « * 
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